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Abstract 



; PROBLEM TQ BE SOLVED: To provide a polishing method and a polishing apparatus which are 

I not dependent on a skill of an operator and may adequately prevent dishing and erosion from 

I generating, improve polishing rates, and obtain a stable and high machining precision. 

j SOLUTION: The polishing method for polishing a polishing object in such a way that a polishing 

i pad and a polishing surface of the polishing object are relatively moved in a predetermined direction 

: so as to render the polishing surface even. Plural polishing objects in kind are prepared as 

. specimens. Polishing is canried out in a condition where a machining start position is displaced in 

: turn for each specimen so as to obtain polishing diaracteristic in each machining position. 

• According to the obtained characteristic of the polishing pad in each machining position, a polishing 

: result is estimated so as to prepare a new machining condition to be fed back to next polishing, 

I (ST1-ST9). 
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V it^'ft,s-ti.if^«7ia®<7)gfg:&a. 
S:-SfiU'WifllR-tl.if*«8l2«cosfe:^, 

[if«iM 1 0 1 mmnx(^mmMtm^M^<^® 

^^tmtmWmm.'E r r <7)ffiE r r ( V 
oTl^WfV, » ±AVc " ^iiJt'SrVc'' Ofik-tS 



o tzmm^mz^-^\ ^SnlftMt felt i. ?9f e!»tt t 

[if ^ 1 4 ] mmmmi . «fis^ac;)*jnifi 

mLxnxfk^^'miL. d^mm^zv ^ - ka-v ^'■r 
[it*3a 1 7 ] ±mm^mi . . 

gco^'tfiSk, t!a5fe*f«OlIII£4''i:^i:co*'i:^^!ES 

[ 1 8 ] mmmmi . m'&<^^-t^m.i 
1 7iEi£ogf^ga. 

i 0*ITfiSt-COEItl$'N1i<7)/J^Eia ( 1 ^ i ) 

tcK^L. ^wm^zmm^mmmmnw.tr)mmm 
im'fh'\<smi^m:i>iio^zLx, ^^mm 

if ©SB. 

^WLm')m.<r)m^~mmr^z'mirhm^2 o 
laaoifg^a. 

[ mm. 2 2 1 ±iasj»¥Sf± . if lisnxo^fis 

S-t. 3£MtBiii:^fl:f^«0i^M»E r riOffiE r r ( V 
i ) fcErr (Vi ±AVi ) iWiL. ii*M^^<=5: 
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toooii 

[0002] 

ie^si!rj«omgit*5ti:^ti:v^5. ^iffi 

[0003] fzt nmmmzm-t^r^-^^x 
a, h(>*'tii>MmmmizmfS.ummmi^'^^- 

ylC^a^aWi*. CMP (Chemical Mechanical Po 

Hshing : ^tm.mm) mizi:'>xm^j:mmm 

t:LXmiiB^t^. y^^yy (damascene ) Sfclf 

fflSi: 3 y 3^ h t^-jvmmz^W,X'm.>ibiltjf^T 
iVf^l/V (dualdamascene) ^fti. 3 A>tC;:^(S^:E 

[0 0 041 ±iB£7)TJ.T;l'^-7i/ySti^ 
E^J^^TD-tXco— f?!ll;ov^TTI2'0llS:#^L.'Ci^ 
=5:^. mkmt\.xmkl^\-^f^^^z-o\^X 

[00 05] t-f. 018 (a) \,Zm-^X.^\Z. fcbl 

yfm^^<o-^^mmm*^mm'&^fix\>^^i-'j 
nymcommmi±.iz, ^ti.jfB!fl:J^U3yA»^> 

!5:l.lia»iSIR2^. /ifci.tf«ffCVD (Chemical V 
apor Deposition ) mzX^lB^'t^. 
[0006] i^tCs 018(b) iiZysktloiZ^ ^mW- 

m 1 ffi^wmmmzm M^h^y^^ b^-ypc 

H, iixxf'm'^'m,\<r>-^~'Wmmmtnm\z^ 
s it s m ^co^ ^ - y oiEi^^m § n s ?iM sr 



[0007] <5i:tc, H 1 8 ( c ) fcTp-ti P >'^'UT 
li3^1^i^li2(oaiB. ay^'^b*-/i^CHfcJ: 

a, Ti. TaN, T i N^OftfHrl^»(7>;?.A°-y ^'S 

^•CllS^lSlS2*SK'fl:xU ^y-Cfll^^nTV^I.^^ 
Wis a^{ii!'ffci^U3y^coSIScf^*»':^#<. Wl% 
ti'^^^tzib. :iti^m±i-i>^'^>^i'Zm^ti^^ 
[00081 mz. mi 9 ( d ) ic^-f <): P t> ■'^'';7 

v-K«4S:J^)ti-|.. mz. 01 9 (e) t 
^f^tXoiz. ay^':7>*-;l^CHi3±I/SMS:«lT'a 

Jf. ;<>!'^^. CVD^, ^a^l- J: Oilg^l" 

[0009] II 1 9 ( f ) tS^-r J: 5 13, Jl^^ 
m2±.(r)^^^Mm5i5XW< 'J TIR3 Sr C M Pftfc 

ioTl^it, TOktS. J.:l±coXSl;:J: 0 , aHflU 
6fcJ;l^3y^':?b7fc*«§ti.|.. JjeUcT-o-fe 

[0010] mit:mmxwi>z}i^^xii. ™» 
msrs^-r^^Ht-^bs, ro™kBf«^«2 0(i, 

gfe^62 1 *<±ffl^^Sfi^^i^!tIlIK^«E^:^«^^^9§2 
2t, '>iAl5rTWt-^^-rS[lIte^*6"t-S)-o-C. ± 
Tt!i^|g=S:nSi^<^'?'^>'f^^2 3k, gfS«2 l±t;: 
aea^P^^a&t* >':«/I-2 4 &«S;?.TV^^ . 
[0011] Z<^Xo^Mmzii\^X. 5fe-r. 
A•^-yfflffl)i5*^5g^§^^•CV^|.'!7i>'^ 1 O^SSrT 
IcitlttT, n'xAl<omH^'7n?yh«2 3<OTBBl3^ 

«$)SvM«sia«?-i^^. ^S2 2i-7'>y^ 

«2 3S:llie$-li:'Sk^^l:, /X;P24*^^>gfa^i52 1 

±twsjS[p^tt*^-r'S. -et-c, '7^yvw.23iT 

B^$^T, '!?xAl<7)affl5-i9feW2 1±tcfft#tt, 
>>iA 1 <^»ffilc}^^$ii"C V'>4«llKll>'?^'-i^ffliH 

[00121 

mmmW:2 0tcJ;l.««lEillA-^-yfflfflM5<7)Sf«ft 
We»gE*>, STe^i2l<^tt^l3J:0^fli-fl.^^ 

[0013] -ent;Sn;tT, JiSi^lS2 i: , «5i3 
cfcUfA'»JTJg3J:co|^*ttlg*mi.-k*^'^>. ie*S6 
tc:r-< -jl^yy. xa-J/ay (S/y-y^) , u-ir;^. 
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[0 0 14] T-f ••/J'V^^ll. 021 {a)t7J^■rJ:9 
t . tzt Hi. 0 . 1 8 ^1 m;W-;i'£OT-f viV—Mz 
i5\vz^tiblM. 1 OOjumSa<?)i3=5rifil«OlS;v>E 
IS7*^'#4U/::Ji-&C. SMiMSi?)*ife«*«jftfJt::l8* 

[0015] xu-i/ 3 yti. 121 ( b ) tC7r:-t<k 9 
/itxJf. 3 00 0^imc7)KHtil. OMm(35lIiiO 

[0 0 16] 'J-feXii, 02 1 (c) C7i^-ri3lc, 1 
[0 0 17]-:^. ^ic^^-7i/ya*/i{iTiT;i-/v 

^\^-Hi. fcttii. 50 0 nm/m i ntLht^l' 

a. ^jLf\iziitthlMTS.lJi±^<ttc'0. x-y-fy 
[00181 ^fz. 112 2 t^-f J: o tw. iiSl^ffil-^ 
i^y/, xD-i;3yi3it/fy-fe:^<^ll4*t):*:#.<=5: 

[ 0 0 1 9 ] if®^i2 \aymm<n$tnzmm- 
[ 0 0 2 0 ] i: c:^**. ^<^^mzmhi^-^it 



\t. m. mM<mm}:.mi.zi:ht^bifi±t<. 

^-)v^:. mm\.z^m.^^xwi:thh\^oM-m 
x\^iztt^t>. mammzwE-thf^^'^i''-^ 

^ - t < V i: *»*liHT3> ^ . 
[002l]i)ntT, <»ait^f^ici3V^'Ci.. 

m%^^'m:m'^fix\^j:\.^<r)im^x'h 

I, 

[0022] tt^hh. V^m^WXM. '^xAa 
[ 0 0 2 3 ] t/i, t^3lWPgllgT{i, ff«>'^•-y F*^' 

[0024] *^B3J±. f^tf'hM'^i,zm?t-Xts:^h.rzi> 

'AHi.m^W^WS^^^b^.zht, 
[0025] 

^b Lx . ^mmzmmmjnmimimii^^ t 

[ 0 0 2 6 ] l-t. 

\x M\a.m.^^mm^^'&i'^. %^firz 
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[00271 fflt#a^0#JPlfiMfc*5lt 

[ 0 0 2 8 ] sf)iftco«gfa*r^i^ 

[ 0 0 2 9 1 t Tt: , *%B^ti4, miSJDX^fl^PS 

[ 0 0 3 1 ] t^:. *lfeWf{i:, BrS<^4"lHaiS(iS:»f 

tJi^TfiSSf iOKSSrNffliO/jN|E^ ( 1 S i SN ) 
[ 0 0 3 3 1 i)t , *l|BBT'tS, MSfSffi'OliWjSPBffa 

[ 0 0 3 4 3 im^x-\t. mfVss^mm- 

[0035] %f^. SfffiniK^gaiir&Si: 

mmim^r-r<rMB.Tr (Vi > tErr (Vi ± 

[ 0 0 3 6 ] i^^. -t^t:iO$IJfi^i7)V, 

[ 0 0 3 7 1 *%B9t'{i. iiefeBf^M^ti^ 
[0038] *^BHt J;itti\ ^^OlHasTDaBte^t 

c0iE^$:NilC0/MSratclE^t. #ISmcffi6#®*^ 



[0039] 

[ 0 0 4 0 ] H u±. ^ifeBBtc^l.ife^r^^SSfflL:':: 

[00411 ico^ffl^ksfssa 1 0 oji. mmn^ 

O'?xAi0l3!)^JiASni.;^-fe>yh^-M 10. CI 
^;:?-fe>yh:K-M 1 0*»*>Kai$*T.:t'!'Ji''^ 1 0 1 
{4S^46-ri»'^>'KUy:/>-XrAl 2 0. C:<7)Ayh' 
i;y/>-XTAi 2 0Tfia^*i«')Si^^v:'>i''^l 0 1^ 
^l:^WilM?5f@t5;KU -yJ^y/^"/ f« 1 3 Ofcit^'lt 

.yi/y/'^y b' 1 3 Q'x:\mmmmmf^z^ ^^'-^ 

1 0 1 $•j%^f^•r S ^' — f 1 4 0 t-r^B&lifig:?*!-? v> 

[ 0 0 4 2 1 ^co J; d ^r1fB&(cfcv%T . ^mMm^W. 

•f. '^Wy^3.)\ 1 0 1**. ;>-fe'y M 0 
ItJOaft^tts ^m-k yM0 2A\ :yb:t^-M 
10lC-fe-yh§n^. -eUT. l$feiO'^xAlOl!{p\ 
;&-fe■yM0 2*'^.]Ri^iS^^-C. My F U ^^^i^^xi^ 
12 0jcjftill$n5. 

[0 04 3Hi)M$nt$/in7xAioili, rjy^r 

1 2 1 x^wrn^ 1 2 2 \rJS^^tvx . -fe y ^ u 

t!j:t/*'J 77^i?-(i:*^'ffi?tl. St^ny^T 1 2 1 f 
TEi^SiT-^StiS, TOI^tT-Tt/^r-^xAi 0 

TlfJ ■y>-y^'''^7 H 1 3 0«>I$ilS. 
KT^fOxvM 0 1(4. A'.y7r 1 3 1 tw-flSA§ 
fl^rSfc. JlPXa^ 1 3 2 t-fe -y h ^hX^mh i ^ t^«f 

^TtJt'^'xAl 0 Iti. n?i-y FXr-J^3>'l 3 3 

[0044] aBS$itT|!3t'^xAl Dili, ^ISrift 

^>thtzt>\,zmt%\ 4 2^s$ns. -g-tx. 12^ 

*5^TUv:'!'xAi 0 Hi, Sl^AyHUy^yX-rA 
1 2 0«5i§^l. *-fe7 M 0 2coS$TOc)R»i3 
^iS. IRJftLTV^I.^'^xAlO Hloi^-CfeUKTJXS 
*s^7L.it;&-fe -y M 0 2J±. fl"^ -y b^K- M 1 0A» 
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[0045] I12l±, HK^Tfift^Jf^^ai 0 0t*3 

(t§ jaigp 1 3 2 mmiTn-t-m^Mmmx'h h . 

:L<rmiM> 1 3 2 {i. Jnir- T'/k l 5 O . SDXa> .y H 

16 0. iitimmimmm2 o o ^ifflfi!c®*fc l 

[ 0 0 4 6 ] JniT-:^/H 5 0ii, "tri^M 0 l Irtfe 

. ^Sl 5 1 <nkMzM. -^i^N 101 Sr^^® 

«tS'>x>'\^^-y^l 5 2AlH^5ix. ^^1 5 IcT) 
Tffit::(i. Xtt.t^-;^:^7 M 5 3 2:*i-|.jatSP 1 5 
4;i)li^§ft.tv^|.. 

[0047] -eUT. Xtt^K-;^•^•yM 5 3Wi. X 
1 5 ^ifm^^ix.. x:fi-[*jttf*t/& xtt 
^K-yM^v'l 5 6*^'«-^§itTV^^. ii^c. ^!K1 5 1 

Ji, lA-?-^ >y y 1 5 2^llie2-ti:aSI^*'t^itS*t 

[0048] jraX'vy H 1 6 0<i, Z^ri6lK^L."C. 

JjDlT-7';H 5 OtllS^iiTV-il.'^xAl 0 1 1:2 
SI©t'^t^fl«<SM^-f Sfil^^*"^^- '?x^^l 0 1 
tB&|3ISir)nS^^<0^'?7l6 1i. A^ieKOSiD 

ElUjR'CfltttiE^^ixTV^S. ^ tT. ^•^^ 1 6 1 
\t, n^(!0;<^'/l'^16 3«Tffiic:««Sl^S^l. 
Tj^^ -;n 6 2 (4. Pram<7)^ ^'/ky-yi-y ^ yi^' 1 6 

[0 04 9] P<^';l'^Sl 6 3c?)+*?LW4. i^-v7h 
16 5c7)-SiB*^\ iftSl6 7$:*tl>7 7>->''16 6^ 
^L.-CSS$tLTU^. 77>'yl6 6{i, 

ixT V ^ I. ^ 16 3 i04'*^<7)5^<7)l*lSfflt^ 

LTE]g3*ttv^-&. ^^;W>y-;l/77y>'*l 64<^)± 

[ 0 0 5 0 ] JSK'"? 1 6 8(?)|*)SEW±, A':^. 1 6 9 ^5 
tStryi 7 0**. ^i';ky-^U79>'i^l 64(7)Tffi 

7 0O5feS4. ;<^';W£gl 6 3i:0±E«-^$tlTV^ 
;<^'/U7-;W7 7yvl 64«0±ffiCC{4, ±11;^ t 

V y^jv^~9 1 7 1 ^-^-fh^xyty h/h 7 2 
g$tL. 7 1<7)±^H 

fi, xTx'Jy^^l 7 3*«ll^Sn-CV^^. 
[00 51] i/A-^MeSli. ^^';P7-/l'77yv 
1 6 4<^+M,*»4.±WxfyH;n 7 2, ±t*;^t°y 

F/P^-^' 1 7 1 fcJ;yxTv'Jyyi 7 3(7)+*gi5Sr 
7M 65fDffi^W±. xri'Uy^l 7 3cOt:^b> 



[0052] im^x\:vY)V^-9 1 7 1 <r)'A^Wz 

i±, Z||i|tC-;^:^"/ M 7 4 5:*tl.5^a5 1 7 SA^E 
^$nTV^|.. 5J#SI517 5{±. Z«;ir>f K176t:^ 

tc^r-rJ'i 7 7fc^$*i., z:ti6]CW^ztt;n-;i. 

;^i'*17 8*«li^§itTlr^l.. 
[0053] ^-tTs XW+f-4-:^-:J'l 5 5{i3yh 
a-5 3 0 1 (i± S$(l13fi-^CT L 1 j; 0 -^x A 1 0 
lc7)Xlil*[^i]£OJia$0»A%ib^^. iUixtryhvi^^- 
^J' 1 7 l{43yho-93 0 ltiJ:S«!l1Wm^CTL2 
ici Z«-9--;}<^:-:^' 1 7 7lirj 
y V D-7 3 0 UcJ: SfJWt^CTL 3 1 J: 0 JDI^ 
•/ F 1 6 0<oztt:^ri6iiOfig?^i«^)$iJffli*%i5iT.s . 

[0054] tSiH. m^\t. DDI^"/ F 1 6 0*^'fiK^ 

[00 5 5] Z.<r>h%. ^^;Ugffil6 3t±, A':M6 
9Srffi®L. A'7l 6 KrmmSt. *^-;H 6 2£0 
??fgffiJ:0fc^#*;t«Bi:=5:^. ^LT. ^-^7161 
iOJS^ffl&'^xAl 0 l<7)«ffllctttolt. Xffrtf-^ 
^r-^ 1 5 51&l^tTX«|.-K-;l':^«>'l 5 6*111(6$ 
3^31 5 4^^L-C^®1 5 1 ^afl^Kl^^, 

■^xAi 0 1 ^wmmmmth, tan. ^<r>t%<r> 
mmmpMnmt. ±txTi^uy^^i7 3oE:*iaA' 

71 6 liO'^^xAl 0 ll:W'SjiiMST-»JWI)i 

[0056] mm3m%m o oii, ^aj^a i s o 

fcJ:t/^«?)«IJfJilSl 8 Otcm^Wfc^$*i/v:M^ 
Sl9CS:ii;tTV^§. ^aiiSllSOJi. -^xaIO 

5g'fl:Sri^ai1-|.IIST-i)0. §^3^1 8 1 isit/^ico 
1 8 1 K:^Sn!We7 T -< A* 1 8 2 S:ffi;c.T 

[0057] S%*SP181J4. SJffll^ai 9 0*^f,A 

3£7r^^n82Srei»§-tA:, ^^titfAnyy^y 
ri)^t>Ki:^^W.<^^k . "^lAi 0 liO^ffltcfcv^-CR 
3t7T^A-i 8 2S:e»[L-C^^v:3l£iOT#^S: 
9 0{,Ziii1}ti>. 3t7r^A'l8 2 
f±, 2,t;<7)7r^A'-C'J)0, 7r^A'5feS*>\ Sax's -y 
F 1 6 0i7)^iaiT'J>oT. "^xAl 0 1 (r>Xli\t](7) 
*'t^^O«?"U<f 5 Ornm-l 0 0mm±:^r(^<2gt, 
ffll^t-'>xAl 0 1 <7)^fflKrfil->T. fia|x.{f 1 mm<50 
E^tC^jSI"*. "t^xAl 0 lcoafflCl»l*^-oTffl£§ 

[0058] 1 9 0{4. m&mm 1 8 0*>Jc,iO 
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[00 591 z.:lx\ -^i^M 0 ico^HMI^t 

/M 0 Jnlr-y/H 5 0t'Il]te$•l^:^i^=t*^' 
IlIlgt'CvM.JIOl'^'yHieOt-BfieSiX^*^ 
x^M 0 1 tinl^v F 1 6 otofflMaSi^^-iO+'M 

[0 0 601 ZCOtzlib. "^x^Nl 0 l$:JnXT-:^/H 
5 0-CllllS§-^=Sr*«'?>. i^iAl 0 l<5D4"t**»^>J1-St 

y). .>iAlOlcox(|lLh^o{ia^w«t5L/iW^:$i^ 

[ 0 0 6 1 1 =J y 3 0 1 (±. Bf^Sia^<*2:$'J 

TL 1 ^X«r^?--#^-^' 1 5 5l::tt*&tT>^'*''M 0 

itxh-y 1 7 1 i,zmLx^(Dmm.tmm 

t . $lJI»ft#C T L 3 ^ zm^-if^"^--^ 1 7 7 
tTJnX^«y H 1 6 0c0Ztt:fr|t]O{ai}*J6»l^Srtr 
p , tph^ Jnx^v V H 1 6 0 £0ZW*[^C0fia^J6$llfflI 
ti' mSWfJPX'^'/ H 1 6 OlCfcttl.^'^'7 1 6 1<0 

itriA 1 0 1 (n$m^nti>nL^\ifi (ff : Jn 

[00 621 ±tz. ^yVn-y30l\t. Stl^art 
hi-okz^ jnX'^-yh'16Ot::J:l)0rSf)'^'xAlOl 

#A>tt^r-^. mmz\t, jgfffl^®S!i£a52oo-c' 
1 6 1 ^-ttr;^•< -^i') <7)!»tt. ^gr^it^T'jbS'^'x 

[00631 iSris. ayvn-7301*3j:y^aybn 

3oo(^. tzb3L\m5\z^ti.o^z. m^m. f^ti 

h (.Smsm) (Eithernet(S 

MiffiS) ) 4 0 0 ^'SfLx^m^ms^v.i o o tim 

[00641 ayVvi-ySOlizmm^ix^'i^y^'^ 
-;W?:^>;l/3 0 2{±. ?i-'<V-:5'**^®lDXVN'7^- 

0 l(7)Xft:^|p]<5^3SJST— ^J', ± 

liXtybVWt-:^' 171 comeStr-^', jDX-^-y H 



1 6 0ioz(iS*i6iiOffia^>6T-:? (inxffiiftT-:?) 

m^X^ L3t Otl*^-*^- K 3 0 2 1 i: . ^BWS!! 

ga53 0 ox-m^^titzmmnm-hi^ :^^^mm 

^'3 0 22^W-t.S. 

[00651 :mmm-izm^^^m^mm i o ot 
^xJ\comm^mzy < - ka-/ ^-rs t o . an 

0rSco^ftt-f^-5TC MP JpXtfoaiJ<?)l«f4t tx^oisi 
S'>x>'N$rfflV^T->5 AV-j'ay^tfV^ 

/^^g-ilJpx/ ^7 - 5r*®{k;1- 1. . ^w-tWf. x 

A<0Ml^i»±. *>f-/H 6 2«IIIlESt. 

ntxiiii^^')~rt£W&m'^fz^. z.(r)mm. 

h-5-3yhn-53 0 It'SiW^t^i^-tS. OTK. 

[00661 *iT^SlOO<OBfi@^i. titt\f^ 
g2 0 0mm. rtgl 6 0mm<7)h'-t7ft(01®^N'7 

T) ) '^^x-'MOlt-Sat^-lir'CV^S. ^^Ot^^O, 
*>f-;l'fc'^xA(;)fiftt«®{i^MW=i±. H6fci 
tJfE!7ti^-ra')T-S>S. -etT. fcix{f*-<-^H 
6 2{i32 0rpmt\ '^7iy\^^'y^' 1 5 2{±6 0 r 

coSI/h^rSS^^^'^x-'Ni 0 llcSiStT. Wi?mtiM^ 
OlijESrTsiifefctT^^S. ^^>lc. 3yfa-7301 
WfHffllfS^CTL 1 1 J: 0. Xfl!t-9--#t-^' 1 5 5\iZ 
ftJ&Lt:, H7l3^-f '^xAl 0 1 c7DXiW[S5<OjtKffl 

^ _;l^^jf 7 ^ ;i.A=5ri;cOiIfeffiEtS:*-t^ifSX:a 
Hit. OT^^l^>Srff^^^••/^'PDi:^.^S. 
[ 0 0 6 8 1 i/i:: .1 Tiis >-/ F P D WM^ 
M^t'J) I. x-* M 0 1 <OfeSt)^®{cg?ffl t ;^>:fiS<t 0 

^(:,[znLmh^tmrik^t^ tfzi(^wmt:'^ 

[00691 08{i. 3js:^Bj(c^|,^iI-fbi?f«:^cOA 
T, i«08t;|ia#ttTWkSfie:^S«O:a*W=5:»i 

a toi JUS: ii-? T mm h . 

[00701 XT-yrSTl 
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[00711 mmzii. mmwii mimtx-cn 

Sr^StS ( 0 ^ i ) . itch-h. N+ l^cOl^S 
cofe^ffi^ ('>x>'M 0 1 ) S:ffl«L. feSiefflOgf 
eKW^S9^"t& . N+ 1 tS?c7)Mi3T)i*tl^T'S>S#'>x 
/M 0 1 OlSSfgffiSr . N + 1 fflcOjDl^#(0 it.*: 

[0 0 7 2] i-ztm. »lc^'!?xA~^N+l^'>x 
A<r)N + l*fc<0|SIS'>X''"^^ffl>'^'t=^«^ 09tl7iN-ri 
o\z. mi^'^xAt^tUTtil/i'tO^rfflv^-C. !5!a 
ys.yHPD^?l-j§WiOR)rgo4''t^raigKI (Xo )t'^ 

(x) =Thi (x) -Thi. 

[oo75]^iEra[Xo , x„ ] imvxm^uc 



Rfrs^o+'MffiSi (Xo ) xmm^^x. m^mm 
T4mm.mizti> (ms^^i) . ^sco^^x/x^o^ 
^©i (X, ) x-m^'tx. mmmm^u^t/^^ 

^(^'^'t^mm. (Xo ) x-m^'tx. m^^^^ 
i,^j:i^(^m^'txmm'^mikmjii.wx'hm 
gio4"Mi®a(XN )xi^mmi,z-th {ms^^ 

[0073] =&SSf«^t^T*l.^l<0'>xA~|gN + 

ico'^^xAoiiSf^ffiiogfmcoffiJfThi (x) (0 
gi^N) mitmm'^^2ooizxm^-ti. ^ 
/MZFa [Xi.i . Xi ] (i^iSN) 

[0074] 

[ici] 



(x) 

[0076] 
[St2] 



(Igl^N) 



(1) 



ir 

Tc (x) =20i 
1-1 



(2) 



[0077] ^/MSH^OWMJi. #''J^KSt"feltl>Sf 

iati3ttl.«)MBf«A-.yHPD05M'558KVo ^ SrVi 

Tc (x. . V . • • V 



[0079] ^t'Us Ri ( x) l±#/hE^lC*3itl)ffl 
[0080] Xt^ -/rST2 

{ifi&SH-A°7;<-^'kHlS:ftAt. tit, JMi^aS 
&lSX./^A^*^S-*tf-xyx77/ (Chang e F 
1 ag) ^LtV^^:V'>itS:75i'Fa 1 setClS 

[0081] OTiis Bfs^^-? ^' p D<nmm.y' ^ 



V2 



tC^flS^-t. mS<75«Tg (x. VI 
[0078] 

[as] 

) =£R, (x) • (V /V, • ) 

1-1 

- (3) 

m^-t^:Lmx'hi. 

[nnR9l XT^-y-rST3-X ^"/rST8 

aco?gf«*, Tc (X. VI , . . • • . vN ) k 

0fa^o?3fS». Tg (x) fcfOHSr. <5C«0J:ot. ^ 

[00831 
[|Bt4l 
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E r r (V^ . V . • • • . V" ) 
=2 {Tg (Xk ) 
» -Tc (Xi 



(00841 mmimmnmmmmmtrim^x'^ 

5. 

(Xk-1 . ) ( ISk^N) OW^A--y FPDCOM 
Errc?)1iEr r (VK ) , hEr r (V^ ±AVK ) 

imi. m'om.y^ ^ssfiu^rv^ (ST6) . -et 

T, Change F I ag$:iS0^^5gflUv:-fcS: 
S^-fT rue (Zgg-fi. . t^TiO/jNE^^Offl®^^ >y H 

[0086] X-r-yrST9 

JiLhcOSaa^^Oiit. -f^TcOC hangeFlag 
*iT r u e fciSg$n:'i^^t'«ffl2r*^7-rS . 
[0 0 87] ^fc. icMit»tJ:>)^l^!^'onfcEr r(0 

[00881 t-f. ^/Mira<7)9fS>''?-y Hc7)JM0a«. 

vi im%X'hh:ib. i^/h^commy^-/y<o&'OM 

0 2K<oll*-^«WTtwSiJll-r S t i^mb ^ti 
I. 

[00891 m^A^SJ^(^W-^'y h'cOjSO^<0^ 

ilS^Lag r angeCOMIaIffi$rfflV^^:^Si)J>^. 

t HIIE^ ^ i^r S^St-S) ^ 7 X A^ 
^ 1 5 2(7)|l]te+'C^fc'^4"t^Sxi:. WS-'N'-y 

0m <Xc " . V, ) ^-ISttl. ( 1 SkSM< 
N) . NlO#'jNKStt5Jtl.?5{^A'-y H^jMOa^V 

[00901 
[St5l 

vNE-^^^ vi 

n(x.-xj) 



v» , v» , • • • . V" ) } • 

... (4) 

[00911 um<mmj^(r>mc^^<^^. ' 

[00921 
[fc6l 

n (x,-'^' ) 

[0 0931 ^■ftfrt^^tf^'^Er rOfflErr (V 
i ) tErr (Vi ±AVi ) JritKU, ji*>''h§<=2c 

t'<X<mm^<^'^c " ?:iSt'h^fl::^-tTt. Er 

[0 0 94] z<r>-mit. ^mniznix. ^mmn 

L a g r a n g eWSSmMifi^t < ^j:imm 

10095] iMLfiioiz. mmmiX'hi'^xfs 
[00961 mmmcommmcomit. ± 

[00971 WfflMti- fflMISTc^Elft fc , mU-WM 
e s t o n ) cOs^J: 0 , mmmi^ti>^tifiX'^ 
[00981 TXyT. Y VPy^ 

mLmxzi.mmmi-\,zi5\^x\i. ^(m^^\trv 

[00991 

[a7i 
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M.= kPvt 

[ 0 1 0 0 ] .l^lt-. M : k : !JHg«®t-i^ 

[01011 ttsih^. -laoa^Mi Oif^'-«-v HPD 



- (7) 

I., 

[0102] *;^&t-{i. ±at3t ± ^ l::. iSMl^E 

HyY(rM^W^ fciO. Tc (x) tt^ri.efgS 

[0 103] 
[SSI 



Tc (X, Ci , C, 



C, ) =2Ri Cc) 



(V /V. ' ) • c, 



[0i04];c:t\Ci (igigN) ti. #/Mzra 

[0105] ^l?,W?JfgS»*»T ( X ) f il- 

E r r 2 (Ci , C, . • • • . C, ) 

= S {Tc (X. Ci , C, 
» -T (Xi ) } • 



- (8) 

[0106] 
[fc9l 



c. ) 



(9) 



[ 0 1 0 7 1 t ^ , |ufe«0#at |Sl^^:#S5:ffl 
fflimCi Sr^t-S. -r^ri^^^^ Nfli<?>ffiiE/h 

i ] (1 g i ) (nm.'m. Ci 

k'(l:ifi:^<l:f^<7)milWISE r r 2<nm r r 2 ( Ci 
±ACi ) *ifc«U. «i(f/h$<5:-^-CV^ii(f. Ci ± 

ACi ^sifc^rCi (^mt-ri.. -r^To/MsrawffiiE 

R' i (x) =Ri 
[0109] C(7)«IE5*t't*vLV'>SHS#1tR-' i 
(x) fc«-^V^T. <K0f®(7)?9f®«Mt'^SfeA'-yHm 

[0110] ^iffiSM^^'>'^'^'->">x>'^<^*^. SSt 

(X) tL. ffflS^SteJ:'). ^'<:5'-y'!7xAttiiE^a 
ttT, Ci Sr^^U A-^-y^^xn^BfaoMW-C 

[01111 ^<7)J;aiC. :*:%Batl{SSWtWS*S 
f t±. 4-f , 33ia«0!m4. 9flSA-«y Hi7)!mt, ?S13fffi*f 



■Ct##>fi^aiE<SStCi flLv^gf^i^R' 
i (x) ?r:^tS. 
[0108] 

[Sciol 

(x)Ci -(10) 

[ 0 1 1 2 1 ifc. nd:Mi.mzmimM^<^mmm 

[01131 tfz. A-:J'-y'7xA«0. ffg!NFl4«0A^' , 

[ 0 1 1 4 1 *l^^cll®i^^Tofv:l^*^^ov^Ti^^ 

[0115] ^Ol^tCfcV^T . #/Maa i lCi5ttl>Bt 
[0116] 

mil] 
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T (x) =£Ri (x) • (Vo 
[0 11 71 ClCl-C. Vo i li^'hmvco^com^ 

[01181 dOimrtt 1 2tfcC0'>xAS:fflV^I. . ^ 

V>T. <!J0)i^5tM (Cut i n) £7)#{at±mm. iSOjS 
Jg (Feed i ng) <7)#.&{imm/s T'J)!). KciS. 

>V (IIIK>'>--y K) 1 6 2{i3 2 0 r pmT, -^xA-?-^ 
•y^'152{±60rp m<0I^HK2JK'C■Illte§^^^ . 

[01191 ciiottMus^trots-^Jv^t. lai It^^n 
1- i 3 liz- y bt-*-^ -;H 6 2 SrlS^W^ffi ( 

(recipe) 1-1 l^ffl«tS. 

[01201 diffciitf. VxtUi, t'd^aiEfii 

- 9 0 -C*^ -/W {W^^'^-y K P D ) SrSW^ffi ( x 

A®) cjt«!$€-cii:^t#^«H§tts (Mra§-(i: 

I,) Pv-tt'JfeD. Wi^t°2«i, +'t«ESI-90"C'* 

'f-zw (jgf^A-y HPD) ^wm^ c^^xAffi) t'S^ 
(7)i^'L^mm- 8 0 t-f ^^ftfc^w-i-s { m^-^^ ) 

Ui^\^Tt)i. iO2oOU'v'tfBfet:/tlS*'0M^ 

;),^-;KSfgA-yKPD) Sr-9 0*»A>-8 0tC 

(9fliA--y h'PD) SrtfeSf^ffi OxAffi) cO+'ll> 

o»to-Stt$-#itt-c, *^ -J- ^' P D ) 
('!7x-'N®) co+'t^^ais-f i.wiii'^oa 

f 0 i^i-f 1 1 t-^ogf^^^iim«ffi»i^ 
[0i2illSIi2{i. ;*t^>«ov->tfO-^i^t:i 1 

0 1 2 tcfcv^-c - mm^^wji^com. ( - 1 o o ~ i 
0 0)2-. mi^i9imfr)mmi^ix\>^h. ttz. m 

12lw*3V^T. Tiki Tmm^WIS\mt:. TOt-^ 

tmf)^wi\^=y^oiziimm^ . TiT-Tn-rift 

iS*>'%)W^vt'ltc<tS^=»145r. T2t'^-rttl8*^' 

i5jMv>'t2KJ:i>aii!mtts-. T3T^-rm*'m 



i /vi ) =i:<i>i (x) 

- (11) 

I.Ji^14Sr. T7t:'^-rfti^*^"*5M^vt:7t;:<J:I.S 
mm:. T8T^flltSW«*J»!VS^t8tJ:?.SK«f 
ItS:. T9T'^tffl^*WJl^vt-9t±^aM#t4 

Tiox'^tmi^w&i^'-^^ioizXi-^^ 
^ , T 1 1 f^-rfti^**^]^^ V 1 1 1 i'«t 

[0 1221 f tT, I113ti, zix^(7)V>'^'0-V 
[0123101 St'fcl'^'C. filttA>X|W|6li7)fiS 

(-100-100)*, ittt*5wef*<oiJ¥**tT 
;!)^A>i^i^e 1 tzm-^Kwrnmn-imismi:. 

k f 2 (cso' < ^ I' 2^ t: 3 ic* < smw *r 

6 iz3t:i < Hliii*^ <i> 1/ i^b- 7 tca-:^ < L 
/^Kf*M#tt?r. ®TS^1-|ftiS*>>i^f7H»o'<«IS 

®-C5^-rttil!i)^V>'t-8(i*-5'<Sl**"'^^i^l^ 
9i3S-:f<«IS»Sr^»t'fcl^i»ttt*. OlOt^l- 

«igJf$-«»:t/cl^4#14Srs 01lX"*-rfflm*^^i^ 
fl Ot::ao'<aKllA^^^vK 1 HzM^<^^^ 

muzmsmi: . oi2-es^-ria^^>vtri it 

So' < Jf ^ ^ -> t- 0 tc^o' < affilff MS: t 
i4!»tt2:s ^fi^'tiTT^tX^^^ . 
[01241 C<0#^, #^n^:SfeilttMitRi 
(x) «r=&K@£^jSO^Vi trnzt^^S^^it-ytz 
^,iO*<^-y'"/ht^.&)iWTg (x) tja<^r4J;5 
IC. -f^i?*,. Tiao^ ( 1 2 ) TE r ri^fk/ht^fS 

[01251 
[]&121 
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E r r (V^ . V . • • • . V" ) 

=2 (Tg (x) -SR. (X) -V, ' /V ) » 
« • 

- (1 2) 

[012 6]^^Oj:pt::fiU^m'5®SVi ' m»>t> [0127] 

[O128lS«tv^JM05S«t'CO3yha-53 0 1± ^ff?.. 
£;):lAa^5^ltScO^-C*l.9fei^ffli:^^^9fSlr J: [0129] 

<mEixn<.mm<^^-^'^-y^^^^^i' .... 

F, (X) =£Ri " (x> • V, • /V, ' • k, 

••• (1 4) 

C0 13 0]^COSfgraO#^tlf.l»*'T„ ^h'«K, « ^«^S'iJS*^l>^. 

( X ) Th-^fzi-rh t . m%comi^mmi » [ o 1 3 1 1 

T, (X) *^SR. ■ (Jt) -V, ' /V, ' -K. • (15) 



I 



[0 132] -et-C. iXoMMMiScEr r2' iAA^t [013 3] 

1-1. i ^ tS'i^a ^-^^-^^ f^'^^J^i ^ ^ ^ ^ 

Err2' (Ki . K, . ■ - K, > 

= 2 {SR. • (x) -v. ' /V, ' -K. -T, (x) 1 

. . ■■•(16) 

[0134] ^?^)hmm(r>mTh^ F„ ( X ) , 1 1. . 

R. (x) =Ri " (x) • (Ki " /ki » ) - (17) 

^0 136] (x)^SR.- (X) -V.'/V .k." -(18) 

tf, mf^m^^^i^ m^^^nmmi^fii [ o 1 3 s ] 

tv#*l^wi[Sr£^^^-^'•>'^^^^^^^^'''^ ^^^^^ 

Tg (X) *5F.« (x) =SR. (X) -k. ■ • -v. /y, 

[0139]'#4>^Lfc1-^^'-^^^'^^ki«*' i [0 1401 

0, mM+l-tt<:o^xf«^jI0JIS5:<X^Oj;ot^£t [»201 



(19) 



n+i -(19) 
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[ 0 1 4 3 1 'Srfc . II 1 4 tCfcV^T , filtt*^Xftt"I^O 
iia (-100-100)?:, ««l*^etJi<0!8tW^* 

kvh'0t;i4«fi^ttt^. ©T'^-r«*^'^HSft<0 

[0144] vxtm^nuzx o :mmmi>ziix 

mizi'0:^^tii>Zt^j:<. 

[01451 mz. ±mmzi^mmms.(omm 
3. 016. ^3i^;0l7to7^-^^-^^cMaf+^t 

•CiiBB1--&. ^ZX'li. '>xAl0 1t'>xA}:*-<- 

302A»^>3yba-730 llcMLTA^J^itS. =5: 

[014613 y 3 0 1 tii. /ii: itfSlffiift 

T L 1 *iX«i1?--;K*- rJ' 1 5 5 lC«tj^§ixt X 
yM 0 \<rymyyn<nSSSmi^^ir>K. SiJ«j^t#CT 
L 2*^±ttxfy V;t.^-^ 1 7 1 (c«*&$ii-?-«^tllte 

S[^$5iiL, SJ13ft^CTL3*^Z«fr^-t:t-^' 1 7 
7 tCttJ&^ilT JOX-W V* 1 6 0<OZfar6"i6j^OfiLS^ 

[0 1471 A'7i6itt-c{i, fcfcitf®: 

-eoff^fSt L-Cfi. f^fci-ffiSK (HNO 

-;H6 2i:t-Cl±. fcfci.^fl!«T;^5:^^5a (r- 
AI2 O3 . fii^flO. 35;um. itJIl • 6 1 ) A^'S 

^flOwt%(7)T;^5-^«^4 (Alz 03 , e^s 

0. 16/zm, *-XlgS8. 0) ^^%<rS-m.\\.-^% 
(H2 O2 ) t'^i-ti^-^cX^U (ph4. 8 
fflSiiS. ^fc. ::(7)*>f-;H6 2fcX7U<^J:5?Jf 
^ciSi:. ffl (Cu) , ^'y^';KTa) , 

?g(Si02 )<r)mW^\i.. 12 00A/min. 



13 0A/min. 6 0 A/m i ntlTfc^S. 
[01481 ftW*. m^tOl/ vhHC«-:?v^TA7 (Sf 
g/N'.yH) 16 1*fflU^>:efa^ff^^(03#BS) , ^ 

(01 6#B1) . 

[0 149l5t-f. '^x>'N^-vy715 2H'^x>'M0 
1 $-«Sia«§-ti:^^> - X«rif-^t-:J' 1 5 5 S:^ 
tTXtt^Wl^^^i-'l 'obmA't. -^x^l 0 l*5p;r 
^c73gfSllit&eSl^=5r 4 i t\ 1 5 4 Sr^ L-C S 
®15 1$r^il)S^'^. -etT, SS151fcl*l^$tL 
Tl^SilHE<^5'l^L''C'^xAt^-y^' 1 5 2$::rt-L 
T-^xAi 0 i^iateS-tl'. iBli^t^^ ±ttxfyr«;w 

^-9 1 7 1 ^i«UT±«lXt:-y H;^ 1 7 2 LT 
*^-/H6 2^lHlte$*. $^>Htyi7 0^^tT 
ys'7l6 1^[HHE$-t!-S. 

[0 150l»:t:, Zltt-t-^^:-:?177 2r^tT 
Z!|!ltC-;l'^->'l 7 SUSIES-*, *>f-;H62WW 
gffl)!)*. '^xA^i'-y 1 5 2lcSSia«$^T.TV^S'> 
xAi 0 liO«ffl*^'^Rir^'^^PBS-g^«t/cW*=5rl>i 
•C\ SJISB 1 7 5SrZttX/M H 1 7 etv&o-cmS-t 

6 5<04'2SPfeJ:^/;<:5'/^SiSl 6 360^1 6 3a?::fi- 
ttA'7 1 6 I'-^mth. m\z. xTv-'JyrJ^l 7 
3<^>'U y 1 7 3 b n^tt^.ffCul. JnEfflUfla&P 1 
73ctxT-5-tt«&t, t^;^hyl73afcJ:l^i^^ 

7 M 6 5 &:n-LT^ ^'/W^ 1 6 3 5-T^$-^^ o 
[01511 ^^';W^16 3f±. ^■?^U6 
95:J^t. A71 6 KOWSffifi. 6 2<?) 
J9f^j:*)t.^?'ai^^tt®i:'t5. -^f-"^^ A'7161 
cogfgffiiSr'^xAi 0 l^o^Bt^fftott. Xttl^-:^ 
^r-^' 15 5 Sriffl&LT Xtt^lt-zW^i'* 1 5 6 trUIIES 

S#a515 4^^tT^S15 1^aa^S^~ 

'!7iAio i^^b^aaw®^^- rcot^o 
gT®«o*6«ffi±. ±t^xri^'jy/i 7 3^ff:^fc^^' 
7 1 6 iw'^^xAi 0 wzmh'S^s^'^wmh^ 

tifiXth (STPl ) . 

[01521 ^<mmm\ui. w^<mk^^±.i. 

l^t^WX/l-^^fr fOxA 1 0 lcO«^M*i5 
XtfWk^^L '>xAioic7)^ffitS*^tTV'>S 
i5fii?g^/^-r -f 9)VkmV^lX U y;^*J it^^t 

sSih-r-i. (STP2) . 

[0153li5V^T, x7s^uy/i7 3«>^'jyri 
7 3 bt|gJtA>nTV^SiiJSffi!lttil&a 1 7 3 dlCXT- 
b-XVyi 7 3afciy^v-Y7M 6 5?:yr 
tT^:5'/l-^16 3 5±#5-ti:, ^'^7 16 l<0i3fgii 
Sr-^xAl 0 lcoaffl*»A>1tt. CK^fc^. 
1 6 3C0±W±. P<:5'/W-;U7 7yi''l 6 40TSt 
y'!^a6 9Oa7t:>3ttJ:0fftott'^n-Cfc'). ^'?71 

6i<^^ffi{is *^-;H6 2<^Sffii')i>fl'')i 



(14) 12 003-71708 (P2003-71 7*1 



[0 1 541 -etr, ^x^woicomm^'^M^ 

H^^'JlSei:®^^-^^ T^iAl 0 lc^4"D (x = 0 
mm) *>-7t7r^>''<l82coirFco{agt::^S^t\ S 
j^gSl 54S::fftT^Sl 5 lSr^i)§*l>. 
^y)^7S. 3t7T^^N'18 2c05feS^S:':'x^M0 1(0 
^ffiWtia§*, g^^gPl 8 Itm$li:^w3t5:3fe7 
r^-'-^1822:^>tT'>x>'^l 0 ico^ffit^iiltt'. ^ 

(r}m^t:^y r >f 1 8 2 Ltss^tai 1 8 1 -e 

^%IX. itafcTj^^k'^x^M 0 l^o^fflt::fcv^-CRI* 
TPS) . 

A-^-y&»:a3-r-& (STP4) . 

[01561 £LJiCO j: 0 1 0 1 m&^Bi 

x^atf^tit^. "^x^^l 0 l^iiSrryr-JK'J 

-/~>jlA%<. Jf-VN'-^'J •yi^j.$:^-'S:< L-J'c^fli*^' 

[ 0 1 5 7 1 ^rfc. ip^mi&x'\i. mshx-m^m 
m'^^xwiMmm&is.^-f^ ^t\.zi.'o m^ff^m^M 

ui. iLDcr>cmpxumx'm^^^M^^th 

i)>i^^(7)miMTtl^'S:mX'y ^-V'-^-y'^^i' 
h^kX. CMPO/n-A/W^rJuX^a. ^^tt^S 

[01 581 

[ 0 1 5 9 1 1^. ^^^tciWf s ^Mnxm^zm 



[011 :^mi>z^h^^mmmm.(7)mmm(^^iif^ 
mfSLi^ffwrnx-hh. 

[1221 0lcO¥mi5f®ilSi:l3JtSSDia5^l*«* 

[US 1 0 1 ioWkW^^S'^^i'^^^'r:'^®'^® 

[041 i5fa^«O'>xn<;)ffiUftt.^<7)-^*7rrt0t:'S) 
I.. 

[05 1 ^IS»J»^OS*«l£5:ijiW-S^wJ6<O0-e*) 
[061 t^-t-ilb'^^n^^c^^^^i^^^^^'^ 

mxhh. 

[07 1 ;}t>f -/Wk X AcO^jft^fc^SrlM^t^^i" 
[081 

[091 affiSffl {'^x-'^iB) 

(im^^^) I'y'^ (recipe) ^EBJ-T^Jti^) 

[0101 uMwe<o*]i«wxfc:^5-75-ratj)i.. 

[0111 ^^l^v-tH^^o'V^TfflmtliSBfSM 

(recipe)i~ii mmttzi^^mxh^, 
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